Abstract: Cyclamen L. is a member of Primulaceae family, a geophyte, which have been utilized for their biological activities in folk medicine. The aim of this study is to investigate the antibacterial activity of three Cyclamen species on some fish pathogens as well as their radical scavenging activity potentials. C. cilicium Boiss. & Heldr., C. pseudibericum Hildebr. and C. hederifolium Aiton were collected from different regions in Turkey. Cyclamen tubers were extracted in ethanol and then DPPH, ABTS and NO methods were utilized for the assurance of radical scavenging activities of the extracts. Antibacterial activity of the extracts were determined in vitro against five bacterial fish pathogens, namely, Vagococcus salmoninarum, Staphylococcus epidermidis, Lactococcus garvieae, Vibrio anguillarum and Yersinia ruckeri. All the tested tuber extracts exhibited moderate antibacterial activity against four bacteria and the radical scavenging activity in the order of potency: C. cilicium>C. pseudibericum>C. hederifolium. In conclusion, this study showed that the Cyclamen species have moderate antibacterial activity against fish pathogenic bacteria except V. anguillarum. 
Introduction
The diminishing of fish from natural resources and expanding need for food are the two principle factors for the demand of developing aquaculture sector [1] .
To be able to meet the consumers demand for fish, aquaculture has been continued to spread out very rapidly. In cultured fish, the diseases are playing one of the major roles as a limiting factor in production and causing high mortality rates in farms by affecting economic income negatively [2] . The microorganisms turn into a serious problem for the health of aquatic organisms especially bacteria [3] . In farms, bacterial diseases in fish caused by mainly; Vibrio anguillarum, Yersinia ruckeri, Lactococcus garvieae, Vagococcus salmoninarum and Staphylococcus epidermidis have been described as the etiological agents [2, 4, 5] . The using of antibiotics for the treatment of diseases generates some reactions such as; toxic effect onto fish and the residue deposition into the aquatic environment. These residues could accumulate and influence health of organisms [6] . It was also expressed that some bacterial pathogens have gained antibacterial resistance against the antibiotics [7] . These issues have urged to look for other antibacterial substances that can be applicable as much as a drug [8] . It has been demonstrated earlier that the phytomedicines may serve as an effectively therapeutic agents against antimicrobial resistant bacteria [9, 10, 11] . Hence, natural products are of great interest as a promising source to control disease problems in aquaculture [12] .
The recent investigations have been demonstrated that the potential power of plant extracts against diseases by taking a part to remove free radicals from organism [13, 14] . Free radical is a molecule with an unpaired electron and is played a vital role in an oxidative stress related diseases such as rheumatoid arthritis, cardiovascular disorders and neurological degenerative diseases [15] . It is important to know that the antioxidant properties of materials are playing very critical role in prevention of disease by its capacity of the searching free radicals in the organisms. Antioxidants show endurance against oxidative stress by scavenging the free radicals and by many other mechanisms [16, 17] .
Cyclamen L. belongs to the family of Primulaceae and is a tuberous perennial geophyte plant which is represented by 21 species on the Earth. In Turkey, this genus is represented with 12 taxa, 5 of them are endemic species [18] . Cyclamen is a medicinal plant containing so many ingredients such as triterpenoidal saponins which is demonstrated to have antimicrobial features [19, 20] . Cyclamen tubers have been widely used by people in old-times as the purgative, sedative, laxative, antihelmintic and abortive properties [21] . Previously, the antimicrobial properties of Cyclamen tuber extracts were explained [22, 23] but there hasn't been found research on antibacterial activity of the Cyclamen extracts on bacterial fish pathogens in the literature.
The aim of this study was to determine the radical scavenging activity of three Cyclamen species (C. cilicium, C. pseudibericum, C. hederifolium) ethanolic extracts and antibacterial activity of these extracts against some bacterial fish pathogens.
Material and Method

Plant material and extraction
C. pseudibericum, C. hederifolium and C. cilicium were collected in 2015 from Hatay-Turkey (600 m), Aydın-Turkey (30 m) and Antalya-Turkey (700 m), respectively and authenticated in the Department of Biology, Pamukkale University, Denizli-Turkey. The tubers of plants were air-dried over shadow at 25 °C, powdered to as a fine grain. Then ethanolic extracts were obtained by following the method by Handa et al [24] . The extracts were lyophilized and stored at -20 °C until use.
Radical Scavenging Activity
DPPH method
When the DPPH radical gets an electron from the antioxidant compound, the color changes from violet to yellow which is detected colorimetrically. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity of the ethanol extracts was determined as specified by Wu et al [25] . 1 mL of concentrations (200 to 1000 μg/mL) of the extracts was added to 4 mL of metanolic solution of DPPH radical. This solution was incubated at darkroom (25 °C, 30 min) and then the absorbances were measured at 517 nm. Butylated hydroxytoluene (BHT) was used as a positive control. There were three replicates in each assay. The inhibition of activity was calculated;
(1)
A0: the absorbance value of the control, A1: the absorbance value of the Cyclamen extracts.
ABTS radical scavenging assay
2,2 Azino-bis (3-ethylbenzothiazloine-6-sulfonic acid) (ABTS .+ ) radical solution was prepared and diluted with methanol in order to fix the absorbance at 734 nm as 0.700. Briefly, ABTS .+ solution were mixed with Cyclamen extracts (150-600 μg/mL) and the absorbances were read after 15 min at 734 nm [26] . There were three replicates in each assay. The radical scavenging activities of the extracts was obtained:
Ac: the absorbance value of the control, At: the absorbance value of the Cyclamen extracts.
Nitric oxide scavenging activity
Nitric oxide (NO) was produced from sodium nitroprusside (SNP) which measured by using the Griess reaction as described by Balakrishnan et al. [27] . At different concentrations (125-1000 μg/mL), the mixture containing SNP (5mM) in pH 7.3, PBS with the extracts were prepared and incubated for 3 hours at 25 °C. The absorbance value was determined at 546 nm. The positive control was ascorbic acid. There were three replicates in each assay. The NO scavenging activity was calculated:
Ac: the absorbance value of the control, At: the absorbance value of the Cyclamen extracts. 
Disc diffusion assay
The antibacterial activity was determined in vitro by using the disc diffusion technique (Kirby-Bauer) [28] . Shortly, inocula of each strain was suspended in sterile physological saline solutions and homogenized by vortexing until the density of the test suspension match the turbidity standart of 1x10 8 cfu/ml (0.5 Mc Farland standard). The extracts were applied in certain concentration which was determined in a preliminary study. The extracts from tuber of three Cyclamen species prepared as 2, 4, 6, 8 and 10% concentrations and solutions had been absorbed into the blank discs (6mm). The 0.1 ml of the broth cultures of test bacteria was inoculated onto Mueller Hinton Agar (MHA) medium. Only for Vibrio species 2% NaCl added into mediums. The discs were placed on the inoculated agar plate. The plates were incubated at 25°C for 24h. Then, the formed inhibition zones around the discs were measured as in mm. The control discs were impregnated in the same amount (25 μl) of ethanol which was used as negative control while, oxytetracycline (30 μg) and streptomycin (10 μg) discs were used as positive control. Studies were carried out at the same temperature and design also repeated three times. The measured inhibition zones were expressed as average values. The antibacterial activity of plant extracts (mean ± standard deviation (SD)) was interpreted as proposed by Inhibition zones >15 mm were categorized as strong activity, from 8 to 15 mm as moderate activity, and from 1 to 8 mm as weak activity according to Bansemir et al. [8] .
Statistical analysis
Statistical analysis was conducted by using the SPSS software (Version 22, SPSS Inc., Chicago, IL, USA).The statistical significance between plant species and concetrations was evaluated with one-way ANOVA followed by Duncan test. All experimental data are expressed as mean ± standard deviation. Values of P less than 0.05 were considered to be statistically significant.
Results
Radical scavenging activity
The tuber extracts from C. cilicium, C. hederifolium and C. pseudibericumin ethanol were examined for their radical scavenging activity. The free radical scavenging activity of the extracts is associated with hydrogen atom or electron donation capabilities and the structures of the antioxidant compounds of the extracts. The free radical scavenging activity values of Cyclamen species were determined by using the DPPH, ABTS, and NO radical scavenging assays. The results of the DPPH radical scavenging activity of three Cyclamen tuber extracts were shown in Figure  1 . It can be clearly seen that DPPH scavenging activity of three CyclamenL. species significantly (P<0.05) increased with rising concentration from 200 to 1000 mg/mL. It was observed that the extracts showed concentration dependent free radical scavenging activity. The highest scavenging activity was detected on extract of C. cilicium (55.80 ± 0.65%), in 1000 μg/mL concentration.
The decrease levels in ABTS radical was distinguished by the reducing valueat 734 nm by antioxidants. The ABTS values in the extract of C. cilicium at the concentrations from 150 μg/mL to 600 μg/mL were obtained as 17.98-54.30%. The positive control (BHT) showed to generate a dose dependent decrease of ABTS radicals at concentrations from 150 μg/mL to 600 μg/mL (Figure 2 ). The NO scavenging activity in tuber extract of C. pseudibericum was 60.00% at the 125 μg/mL, concentration whereas the maximum activity was obtained as 82.30% at 1000 μg/mL. Figure 3 demonstrates the inhibition level was expanded with rising of the concentration of the extracts (P < 0.05).
Nevertheless, the activity of ascorbic acid was more pronounced than that of the extracts of three Cyclamen L. species.
Antibacterial activity
Ethanolic Cyclamen tuber extracts were tested against five bacterial fish pathogens by the means of disc diffusion assay. Results of five concentration for each plant extract were evaluated but there wasn't statiscally significant value depending on concentrations. Three Cyclamen L. tuber extracts at 10% concentration had been found to have moderate antibacterial activity on all tested pathogenic bacteria, except V. anguillarum ( Table 2 ). The highest inhibition zone of C. hederifolium tuber extract measured as 10 mm against V. salmoninarum, Y. ruckeri and L. garvieae, C. pseudibericum showed 12 mm inhibition zone against S. epidermidis. The results showed that all the Cyclamen tuber extracts exhibited moderate antibacterial activity against all tested bacteria except V. anguillarum.
Discussion and Conclusion
Plants are one of the most known medicinal source which have been used in treating all kind of diseases since ancient times. They also have important metabolites which could be discovered as a candidate for the development of new chemotherapeutics agents. Their active secondary metabolites are not definitely required for the normal plant growth but responsible for a lot of bioactive compounds used in health of organisms. The most important of secondary metabolites can be classified as alkaloids, phenols, terpenoids, glicosides and saponins [29] . Saponins are a class of secondary metabolites which have been accepted as the most characteristic and important chemical compounds in Cyclamen species. Tubers of Cyclamen species are particularly rich in triterpene saponins [30, 31] . It is generally believed that plants have more saponin content which show antibacterial activity [23] .
In the present study, tubers of the three Cyclamen species were analyzed for their free radical scavenging activities. Ethanolic extracts of the tubers were also evaluated for antibacterial activity on some fish pathogens. Assessment of antioxidant properties of plants can't be done precisely by any single strategy due to complex nature of phytochemicals [32] . Therefore, the antioxidant activity of tubers of Cyclamen species was obtained by using three different methods (ABTS, DPPH and NO assays). ABTS measure is not just applicable to both lipophilic and hydrophilic systems/antioxidants in addition a dependable and fast test to obtain the total antioxidant activity. Furthermore, proton radical scavenging is a significant attribute of antioxidants. ABTS .+ has a characteristic absorbance maximum at 734 nm that declines with the scavenging of proton radicals [33] . The 2,2-diphenyl-1-picrylhydrazyl-DPPH free radical scavenging ability assay is depend on the scavenging activity of stable DPPH. It had been reported the DPPH radical scavenging activity of ethanolic tuber extracts of Cyclamen graecum as 89.6 ± 3.70% [34] . Compared to other two Cyclamen extracts, C. cilicium extract exhibited the highest ABTS and DPPH radical scavenging activity. These results are consistent with Zengin and Aktumsek [35] and Wang et al [36] who found a powerful correlation between ABTS and DPPH assay. Among all the extracts tested, C. pseudibericum extract showed the highest NO scavenging activity.
In the other study [37] , it was determined that extracts (using four different solvent) from different parts of Cyclamen mirabile (tubers and leaves) possessed high antioxidant activity in vitro. Cyclamen mirabile leaves showed higher antioxidant activities than that of positive controls. The crude extracts of C. africanum possessed antioxidant activity, the results indicate that the extraction yield and the antioxidant potential depend on the polarity of the solvent. However, they could obtain antibacterial activity [38] . We had found that the tubers of the Cyclamen species which had been investigated in this study had antioxidant activity but less than the positive control.
Occurrence of bacterial diseases is very much threatening to the intensive fish farming systems. Many countries banned the use of antibiotics since their prolonged exposure to environment is associated with harmful side effects and is a concern of public health [39] . Since plant based drugs cause much lower incidence of adverse reactions compared to synthetic pharmaceutical [40] , researchers felt the urgency to develop an alternative approach of herbal medication towards management of diseases. It has been shown that some Cyclamen tuber extracts have the antibacterial features [23, 41] and may be important for the prevention from bacterial diseases.
This study aimed to check the antibacterial activity of the three Cyclamen species against several fish pathogenic bacteria. Two groups (Gram negative and Gram positive) bacteria were used in order to evaluate their reaction to ethanolic Cyclamen exracts.
The Cyclamen tuber extracts were exhibited an inhibitory activity to the growth of mostly Grampositive bacteria but not to the growth of the Gramnegative bacteria, although some researchers reported that Cyclamen tubers extracts had antimicrobial activities against Pseudomonas aeruginosa bacteria [42] . The obtained results of this research were in agreement with many other researchers whom explaining that Gram negative bacteria had shown more resistant to many plant extracts previously studied probably their complex cell membrane structure. Similarly, the antibacterial activities of Cyclamen persicum and Cyclamen mirabile tuber extracts were found to be effective on Gram positive bacteria but noton Gram negative ones [23, 43] . There are several reports on Cyclamen species have antibacterial activity on some pathogens of human. But there hasn't been found any report on antibacterial activity of extracts of Cyclamen on fish pathogens.
Tuber of Cyclamen species contains several saponins as the major antimicrobial agents. These compounds have shown inhibitory effect against many bacteria and fungi [41] . In our findings, this saponin content might cause the moderate antibacterial activity on fish pathogens. Further studies are required to determine the content of tuber extracts.
In conclusion, antibacterial activity of the ethanolic tuber extracts of C. cilicium, C. pseudibericum and C. hederifolium was investigated on some fish pathogens. Also, the radical scavenging activities of the Cyclamen extracts were detected by applying three different assays. The results from the study suggest that C. cilicium and C. pseudibericum extracts can be utilized as a decent source of natural antioxidants and they have moderate antibacterial activity against four fish pathogens except V. anguillarum.
